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RobotStudio 3D Printing PowerPac

Additive Manufacturing of large scale objects
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Why 3D printing

 Overall markte size set to double in the
next 5 years

* CAGR of 22% annualy

* Fastest growing segment in
manufacturing

* Largely untouched by other robot
manufacturers

* Leveraging existing products and
technology

« Based on very clear client feedback
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3D Printing

Production methods (upscaling production)

One Off / Small Batch

Prototyping production Automate Production

Quick production of a single product From Single piece to Small Batch Additive manufacturing of complex parts
for valuation purposes such as parts & production of unique/tailored products with minimum amount of programming.
fixtures. This during the design phase of with quick time-to-market. Translation of CAD geometry via G-Code
a product. to RAPID via integrated 3D Printing

| PowerPac in RobotStudio.

] |@

90% Engineering —10% Printing 50% Engineering — 50% Printing

) : : A DD
Let’s write the future of robotics. Together. .Y 1]

10% Engineering — 90% Printing




3D Printing

Materials

Metals (Arc and Laser

Plastics & Composites Concrete & Ceramics welding) Food & Other Materials
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3D Printing

Market segments

Automotive & Aerospace

Construction & General Industry

Other

Automotive

(granulates, clay)

* Prototype parts

* Prototype car bodies

» Fixtures

* Interior details for short series
production (e.g. premium cars and
trucks)

Aerospace

(Arc and Laser welding)

« Additive manufacturing instead of
traditional subtracting
manufacturing.

Construction industries

(concrete)
* Building elements
* Houses
* Bridges

 outdoor furniture etc.
» Concrete + Steel Wire Reinforced

General industries
(granulates, clay, WAAM)

* Prototypes

* One off production

* Small batch production

Outdoor industry
(bio composite granulates)

Boat hulls

Molds for boat hulls

Interior details for boats (e.g. yachts)
Canoes/Kayaks

Wakeboards etc.

Food

Prototypes

One off production
Short series production
Chocolate decorations



3D Printing PowerPac
Benefits

Converts G-code to RAPID code

with support for multiple print processes

The PowerPac reads G-code files and converts them to RAPID
code, supporting processes such as welding, dispensing, and
granulate extrusion.

No manual RAPID programming needed
The complete RAPID print program is generated automatically;
no additional RAPID programming is needed.

Interpolation of external axes

Tools available for calculating interpolation of linear and
rotational coordinated external axes to provide smooth
movement.

Granulate extrusion can be controlled as integrated robot axis
If the extruder screw is driven by an ABB compatible motor, it can
be controlled as an integrated robot axis, which provides precise
process control.

No limitation on the number of G-code coordinate points
Coordinate data is loaded dynamically during execution, which
enables printing very large objects.

Filtering G-code points
Different tools to filter out unnecessary G-code points for
smoother robot movement.

Reachability control
Tools to check the reachability of the whole printing area before
the print starts.

Simulate printing in RobotStudio
Before the print program is transferred to the physical robot, it
can be simulated and verified on RobotStudio.



3D Printing

Additive Manufacturing Process Flow

ABB Robotics

3'1 PARTY
SOFTWARE SOFTWARE HARDWARE

ABB RobotStudio

0100111011 [

1011011011 \ TN

0110110111 ‘ T—'z’
3D-CAD File 3D-Printing RAPID Code Simulation PRODUCTION

PowerPac ‘

INITIAL DESIGN INPUT ROBOT MOTION + REPEAT ORDER
PROCESS PARAMETERS WITH SAME RESULT

DATAMANAGEMENT
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Overview
3D Printing PowerPac

The 3D Printing PowerPacis a RobotStudio Add-In that extends RobotStudio with 3D printing

functions
Home Modeling Simulation Controller RAPID Add-Ins

= E (Default)

wobjd

toold

— Generates RAPID code from G-code (used for traditional small 3D printers).
— No limit of number of coordinate points = no limit of product size.

— Support for coordinated external axes (linear and/or rotational).
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Overview
3DP RobotWare Add-In

The 3DP PowerPacworks in conjunction with the 3DP RobotWare Add-/ninstalled in the robot controller

used for printing.

— Supports a variety of processes, such as welding, printing with
granules or concrete.

— Dynamic loading of RAPID data during execution without motion
disturbance. Enables printing of large products.

— FlexPendant User Interface for process overview and tuning.

3DP Main screen

=v|& o

Motors On
Stopped (Speed 100%)

F x

3DP version 6.0.7.0009

Part Info

Part name:
Folder path:
Total targets:

Total layers:

woody_1
HOME:/woody_1/
86482

174

Production Info

Current TCP:
Current Wobj:

Current Layer:

t3DPActive

wobj3DPActive

17 of 174

— Layer Height Trim (mm) —

¥

0

L

r Layer Cooling Time (secs) -

L]

Production |
=




Workflow - generate G-code

W8 Simplify3D (Licensed to Anders Spask) - O X

— Import a CAD file of the product to a 3™ party e o i ko toee t ie cn i

Models {double-click to edit)

slicer software used for standard 3D printers. ETT—

-

B
[

— Generate a G-code file.

[ @ | [ @ |

| 125 Center and Arrange ‘

Processes (double-diick to edit)

Name Type
FlashForge ... FFF
FlashFerge ... FFF
FlashFerge .. FFF
Mini IRBAM  FFF

SO A -8d-r aeaQ@O%-

G acd H S Dekete ‘

| ? Edit Process Settings ‘
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Workflow - Import

— Import the G-code file to the RobotStudio 3DP
PowerPac.

Modeling Simulation Controller RAPID Add-Ins

Select G-code file for importing [P R} Bl Mt M TP AR poh o n g N gy e £ R
into the 3DP PowerPac, Med Chlg@is L= BORNNYOLRK S0k

File: chair flow 1.7_abs gcode

Lines: 125023
Partial Import
[] Active
Max no. of Layers
© Loy [10 g
Max no. of Points
() Points 1000 :|
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Workflow - Preview

— Verify the printing position, targets orientation
etc.

Pt Chust

O sow Poris Soe ganek) 1[4
ForteCoor |

Framer

O Shew Vabdyreal 100 3]

[p—

=k Diameter ) 240 2| FA Ao
Process On Cobr I (] Hice:

R =™
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Workflow — 3DP Settings

O t_i m_ize th e G C d e ath Home  Modeling  Simulation  Controller = Pm:mssm'-qs
= » | ;) | T 1.6.08.00.08.v0) - | k& Frame Size e
P O P . | E w) M 2 B ™S il & B .
=] Open | swetoss | Path | Orientation Btemal | Export - — Only d off at end of
. : v ot | | e progrem | Tool rly dispense off at end of program
. " . Open Save..rluaﬂ Path Gnen:almn Process e —— R Process Maton Hode
Settings - | Tune Axes = Iy saw
— ACCURACY_MODE v
erine tool orientation. G coue 30 setings e omca i
i Sheion Elmerts Process point settings
Path Tune 4 3 207_Bandeconi .08 -
4 i T_ROB1 P
a Remove Via Points Opens the Tune window for B Tovhden Eam s
— Derine process parameters such as process Soming te paming poh i} o }
Min cist - T ) — [ Dynaric
instructi dandz dat He : s
nstruction, speedad an one data
’ * Remoave Aligned Via Points Minimum Time/Layer (sec.)
30 <
Moo Semm) = Maximum TCP speed (mm /s)
[ Active | 1000000 = 500 5
First Layer Speed (%)
Ignore Process Off /On arguments 50 :
Min distance {mm) Zone Process On/Off
[ Active  1.00 = fine
Zone Process Intemediate
2Exirude -
Check Bounding Points Displacement Frocess On mm)
Layer Intervals (] =
[ Active 1 o Displacement Process OFf (mm)
] =
Via point settings
Close Speed
v300 -
Zone
5 -
Close




Workflow - External Axes

— If rotational and/or linear coordinated external
axes are used, define interpolation parameters.

— If an extruder for granules is used with the screw
controlled as an external axis, define the rotation
parameters.

— If a rotating nozzle controlled as an external axis
is used, define the nozzle angle relative the path
direction.

File
| |

Home Modeling

P L]

Vg ™y | W)

Open | Save/Load Path | Crientation
Settings~ | Tune -

G-tode 3DP Settings

Extemnal Axis
| BuildPlatform: J1 { otational ) |
() Fixed value Read Current Pos.

® Interpolate Constant Offsst

Interpolate Dynamic Cffset

Angle relative Base Frame (deg)
|-120,00

Min Offset (mm)

[0.00

End Reduce Offset {mm)

[0.00

Start Reduce Offset {mm)

[0.00

Min Movement (deg)
[10.00

| Aol

Simulation Controller

&

External

Axes -

RAPID Add-Ins 3DP

Task ..|_6_08_00_08_V() ~

k Frame Size ~

1]

Workobject | wobjsTM_1

Export

Program | Toal tExtruder

>
X

L

Coordinated Axes
Setinterpolation parameters or
coordinated external axes.

Extruder Axis
Set extruder screw parameters,

Aligned Nozzle Axis
Align the nozzle indirection of the
printing path.

Graphics

9
o -
Process | Speed 3DP

Trace Help

Simulation Help
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Workflow - Export

— ExportRAPID modules to the Virtual Controller.

35 30 Domo C 191212°
(3 Stsmon Bererts
4 €1 30P_BtnderContel_6_08_00_08_VC
4 i T_ROBY
38 Tookdta
4 148 Woksbpects  Targets
webid

Extmon Length: 565,506

L
T wobiSTN_1

[ Patra & Precadres Btnde 1o fre

Prevew
Port Coud
O som Ports Sae pust) |1 (3]
Ports Cokr —
[ Load Modude “T_ROB1_30F" sutomasicaly to VC [ soow Vimbltyrterval 100 131
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Workflow - Test run in RobotStudio

— Test run the print in RobotStudio.
Visualize the print with Process Trace.
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Workflow - Production
Transfer the RAPID files generated by the 3DP PowerPac to the real controller and start the print.
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Success Story ABB/BAM/WEBER BEAMIX
3D-Concreteprinting (Eindhoven — The Netherlands) ——




ABB-Robotics / BAM / WEBER Beamix

Hardware- & Software Setup

Home Modeling Simulation Controller RAPID Add-Ins 3DP (A o
(] IRB?GOO HN “-\ "VT? Hﬂ £ b B ..B1(7600-104629) ~ k& Frame Size + 9 @ @
a B = % | @ " ~ X
N el || Workobject | wobjWestSide  ~ R

T k (lomtr AS 7) Open _g; Load :.ﬂh Orientation | Process | External DE-povt B e Trace Speed HBE)P Cslg;e

L] = Settings une Y e rogram = | 3 elp ~
rac : G-Code 3DP Settings Export Settings Graphics Simulation Help Close

. Tube Trace | 5 x|| BAM_wEBER:View1 x|
* Ext. Axis (Tool Extender — Kop = As 8) ——

Only at Gun On

+ Safemove 2 Pro (Open environment)

[] Attach to Parent

« 3D-Printing PowerPac + Dispense Ware

I Flange Offset (mm)

[0:00 S Zjooo
o0 Auto
2 . Min Distance (mm)
Parties: 100
Redraw Rate {ms)

« BAMInfra o

0dd Layers
*  Saint Gobain Weber Beamix S —
=
+ ABB-Robotics Benelux

* ABB-SE R&D (3D-Printing PP)

Remove Geometry
Transient

. Layout | Paths&Targets | =
» Technology Support (Site support) s TR
Show messages from: All messages v Time Category &
° ] ] (i) 7600-104629 (Station): 10010 - Motors OFF state 28-10-2019 12:20:32 Event Log -
L&P SerV]Ces (MeChanlcaI) (i) 7600-104629 (Station): 10011 - Motors ON state 28-10-2019 12:20:34 Event Log ‘j’
s e e - UCS: Station | o_o(; ‘;)‘6‘053‘6‘0 3| BilspL + \ON * v1000 ~ beadl v 25 - tPrint_Head_862 v \WObj:=wobjWestSide v — b

Let’s write the future of robotics together
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ABB-Robotics / BAM / WEBER Beamix

15t Project

Bike Bridge Nijmegen NL . F'; T n‘-‘-"-
The bridge is 30 meter long and divided into 150 mesglials _‘Hlﬁ |
transportable segments. TR

MI. ...

AREC M

! ‘-\.. S AHAL

n—”"

Without the 3DP PowerPac it took approx. 5 days
to program one segment (5 days * 150 = 750
days).

With the 3DP PowerPac the time from a received
CAD file of a segment until the robot starts print
that segment is approx. 30 minutes.
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Sculptur - 3D printing of furniture in recycled plastic
http://sculptur.se/
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http://sculptur.se/

RI.SE - 3D printed kayak

https://www.ri.se/en/what-we-do/our-areas/additive-manufacturing
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https://www.ri.se/en/what-we-do/our-areas/additive-manufacturing

Media

Swedish environment minister first to try kayaking in robot printed kayak

http://www.thewoodregion.se/nyheter/miljomini
stern-forst-att-paddla-unik-kajak-pa-hammaro/

THEWOODREGION

EUROPEAN INNOVATION CENTER
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http://www.thewoodregion.se/nyheter/miljoministern-forst-att-paddla-unik-kajak-pa-hammaro/

Media

The world largest 3D printed sailboat was printed at The Wood Region in Syssleback, Sweden with an ABB
robot and the RobotStudio 3D Printing PowerPac.

https://www.hamnen.se/artiklar/inshore-24-
varldens-storsta-3d-printade-segelbat-ar-svensk/
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https://www.hamnen.se/artiklar/inshore-24-varldens-storsta-3d-printade-segelbat-ar-svensk/




